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The participation of the adrenal glands in the non-specific resistance 
of the animal has  been previously shown.  The clearest and  most 
significant demonstration of this function is probably found in the 
case  of bacterial  intoxications,  using  either  dead  bacteria  or  their 
soluble  toxins.  The proper dose of the usual pyogenic organisms, 
killed by heat, seriously injured  none of the operated controls but 
killed all of the doubly adrenalectomized  rats  (8).  This  increased 
susceptibility of adrenalectomized rats has been verified in the case of 
standard typhoid vaccine by Marine and Jaffe (4)  and for diphtheria 
toxin by Belding and Wyman (2). 
The resistance to such bacterial toxic agents is undoubtedly of major 
importance in pathological physiology.  But,  in studying quantita- 
tively this function of the adrenal cortex, biological substances have 
the distinct disadvantage of variation, while a definite chemical com- 
pound  with  a  somewhat  similar  pharmacological  effect  would  be 
advantageous as a test substance.  With this in view in 1923, while 
studying the effect of killed streptococci, the action of histamine was 
investigated in a few instances.  Inasmuch as this substance seemed 
to possess the desired characteristics, the investigation of its effect has 
recently been studied in detail. 
There  is  very little  in  the literature about  the  susceptibility  of 
adrenalectomized animals  to  histamine.  Dale  (3)  originally found 
* Presented  in  abstract  before  the  American  Society  for  Experimental 
Pathology, Rochester, New York, April  14,  1927. 
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that  cats,  while  still  in  good  condition  after  adrenalectomy,  were 
prostrated  and  killed  by  surprisingly  small  doses  of this  chemical. 
This finding was verified by Kellaway and Cowell (6).  Banting has 
recently repeated this observation upon dogs  (1).  In both of these 
species,  however,  adrenalectomy results  fatally  within  a  few  days. 
The present  study  reports  the  effect of histamine  in  the  sublethal 
adrenal deficiency of rats? 
Methods. 
The plan  of procedure was  similar  to that  used in previous studies  (7, 8). 
Rats (Mus norvegicus albinus) were kept in individual cages upon a standard diet 
and at a  constant favorable temperature.  After a  period of observation they 
were operated upon,  ~ both adrenals  being removed from some, and one adrenal 
and a mass of fat from the site of the second adrenal were removed from others 
as a  control upon the effect of the operation.  The adrenals were removed by 
the dorsal route as being somewhat  simpler than the ventral route used in the 
first study. 
At determined intervals after operation the resistance  of the rats to histamine 
injected intraperitoneally and intramuscularly was tested.  The compound used 
was ergamine acid phosphate (Burroughs Wellcome and  Co.)  and all the dosages 
are reported on the basis of milligrams  of ergamine  acid phosphate crystals per 
100 gin. weight of the animal.  This contains about  one-third of the amount of 
histamine base.  The animals  tested in  this manner were all  active and were 
eating well.  Any showing  clinical  evidence of adrenal  insufficiency  were  ex- 
cluded.  The  chemical  was  usually  given  intraperitoneally  14  days  after 
operation. 
Results. 
The rat is ordinarily very resistant  to histamine.  I  have not de- 
termined exactly the minimum lethal dose for my control animals due 
to the expense of the large amounts required.  An operated control 
rat was apparently recovering from 110 rag. of ergamine acid phosphate 
per 100 gm. given in two doses 25 minutes apart and required another 
large dose 2 hours later to kill it.  30 mg. of ergamine acid phosphate 
per  100 gm. intraperitoneally was not fatal to four control rats  and 
1  Since writing this report 1 have found a statement by Crivellari (CriveUari, 
C. A., Am. J. Physiol.,  1927, lxxxi,  414) that  adrenalectomized  rats  have  a 
greatly increased susceptibility to histamine. 
2  All operations were carried out under ether anesthesia. w.  1.  ~r.  SCOTT  187 
killed one operated control rat that had recently survived an injection 
of peptone.  In fact the amount of histamine that is required to kill 
normal and operated control rats is enormous.  Voegtlin and Dyer (9) 
reported the minimum  lethal intravenous dose of histamine phosphate 
to be 90 rag. per 100  gin.  The mode of administration affects the 
outcome greatly, and undoubtedly  the minimum  lethal intraperitoneal 
dose is larger than when the substance is given intravenously.  All 
of 12 operated control rats survived doses of 10 to 20 rag. of ergamine 
acid  phosphate  per  100  gm.  For  tissue  study  eight  others  were 
sacrificed in excellent condition, obviously recovering from the tran- 
sient effects of the injection in  the same dosage when the doubly 
adrenalectomized  animals died or were moribund.  In fact none of the 
normal or operated control animals were rendered comatose or non- 
reactive to stimulation by this dose.  The maximum effect of it was 
transient respiratory difficulty  and a quieting of the animal. 
Of 36 doubly adrenalectomized rats all but two were killed by this 
dose (10 to 20 rag. per 100 gin.).  In 28 of these the drug was given 
intraperitoneally, with fatal result in each instance.  In addition to 
these seven other adrenalectomized rats, given the same amount of 
histamine intraperitoneally, were sacrificed for histological study in a 
moribund condition  The only two  doubly  adrenalectomized rats 
to survive 10 rag. per 100 gm. of ergamine acid phosphate were given 
the drug intramuscularly.  Six others injected in the latter manner 
were killed by 15 rag. per 100 gnn.  Two of the rats that as controls 
had survived 10 rag. per 100 gin. were later killed by the same dose 
after the  second adrenal was  removed.  The  exact time intervals 
after operation, the period of survival and the mode of injection may 
be determined from the tabulation (Table I).  Most of the rats were 
injected intraperitoneally about  14  days after operation.  All that 
were tested were in good condition and were indistinguishable in ap- 
pearance and behavior from the operated control rats in adjoining 
cages.  Most of them had lost a little weight after operation (averag- 
ing 5 per cent).  Such was not the cause of the fatal effect, however, 
as the latter occurred even when the weight loss was absent. 
The striking difference in susceptibility to histamine displayed by 
the adrenal deficient and the control animals is  shown also  in the 
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TABLE  I. 
Effect of Ergamine Acid Pkospkale in Adrenalectomized and Control Rats. 
Rat  Operation  Injection  Result 
Weight  Inter-  No.  Sex  Removal of  val  since  Weight  Methodt  Dose  Period of survival 
adrenals  '  in hrs.  opera- 
tion 
rag. per 
gin.  days  gra.  100 gin. 
B1  9  212  Left*  81  212  P  20  Survived 
B2  9  235  Right*  81  250  P  30  24 
B3  9  216  Right*  67  216  P  10  Survived 
B4  ~  245  Right*  70  263  P  20  Survived 
B5  C  180  Right*  23  189  P  20  Survived 
B7  o  ~  250  Right*  7  237  P  20  Survived 
R2  cV  300  Right*  12  308  P  10  Survived 
R3  9  258  Right*  12  !  254  P  10  Survived  (cf.  R3 
later) 
R5  9  308  Right*  12  310  P  10  Survived  (cf.  R5 
later) 
R8  9  142  Right*  12  140  P  10  Survived 
R13  C  198  Right  and  14  224  M  15  Survived 
spleen 
R18  C  --  None  --  I  294  M  30  Survived 
R20  9  184  Right*  16  192  M  15  Survived 
R38  C  220  Right*  4  ]  220  P  60  Recovering  when 
sacrificed after 2 
hrs.(of.with R41) 
R39  C  228  Perirenal fat  4  220  P  10  Survived 
R40  C  240  Right*  4  i  245  P  180  Moribund after 45 
and  vain. 
M 
B6  9  --  Both  21  205  P  15  1 
B8  9  216  Both  7  208  P  20  2½ 
B9  9  177  Both  7  160  P  5  4½ 
B10  9  207  Both  7  !  205  P  10  1 
R1  o  ~  360  Both  12  i  324  P  10  35 rain. 
R3  9  254  Second  7  230  P  10  2  (of. R3  above) 
R4  9  218  Both  12  196  P  10  1-~ 
R5  ~  310  Second  7  302  P  10  2  (cf. R5  above) 
* In most of the control operations when one adrenal was removed,  the other 
adrenal was exposed and a piece of fat from its vicinity was removed to reproduce 
as  completely as possible the physical conditions of  the bilateral extirpation. 
In  this column  P  signifies intraperitoneal and  M  signifies' intramuscular. W.  J.  M.  SCOTT  189 
TABLE  I--Concluded. 
Rat  Operation  Injection  Result 
Inter- 
val  Period of survival  No.  Sex  Weight  Removal of  since  Weight Methodt,  Dose  adrenals  in hrs.  opera- 
tion 
rag. per 
gin.  days  gra.  100 gin. 
R6  ~  174  Both  12  160  P  10  40 min. 
R7  9  272  Both  12  256  P  10  I~ 
R9  g?  222  Both  12  202  P  10  40 min. 
R10  9  218  Both  12  194  P  10  2 
Rll  o  ~  184  Both  12  206  M  10  Survived 
R12  o  ~  208  Both  12  224  M  10  Survived 
R14  o  ~  220  Both  13  216  M  15  2 
R15  o  ~  218  Both  13  212  M  15  2 
R16  o  a  192  Both  13  190  M  15  1 
R17  9  148  Both  12  138  M  15  25 rain. 
R19  9  160  Both  17  154  M  15  2~ 
R21  9  144  Both  16  136  M  15  4½ 
R22  c?  264  Both  14  250  P  10  45 min. 
R23  o  a  278  Both  14  265  P  10  1¼ 
R24  o  ~  234  Both  14  205  P  10  1¼ 
R25  c?  250  Both  14  234  P  10  1¼ 
R26  o  ~  232  Both  14  205  P  10  1¼ 
R27  o  a  280  Both  14  260  P  10  1¼ 
R28  c?  242  Both  14  230  P  10  1¼ 
R29  o  ~  244  Both  14  245  P  10  30 rain. 
R30  o  a  278  Both  14  252  P  10  1 
R31  o  ~  256  Both  14  250  P  10  1¼ 
R32  o  ~  262  Both  14  255  P  10  45 min. 
R33  o  ~  212  Both  14  220  P  10  1 
R34  o  ~  224  Both  1  --  P  10  1 
R35  @  202  Both  1  --  P  10  50 rain. 
R36  c?  210  Both  4  200  P  10  40 rain. 
R37  o  ~  242  Both  4  235  P  20  25 rain. 
R41  c?  246  Both  4  230  P  60  2  rain.  (of.  with 
R38) 
gin. in Rats R38 and R41, both active and in good condition before 
injection.  The operated control animal was sacrificed 2 hours after 
the injection, apparently recovering from it,  while the doubly adre- 
nalectomized rat was killed by the histamine in 2 minutes. 
Most doubly adrenaiectomized rats, then, are killed by histamine 
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rats and, in my experience, 10 mg. per 100 gm. of ergamine acid phos- 
phate injected intraperitoneally has regularly proven fatal, if given 
in the 2nd week after bilateral adrenalectomy. 
DISCUSSION. 
As the first corollary of this work I propose the reaction of rats to 
histamine injected intraperitoneally  in the 2nd week after operation as 
one test of adrenal deficiency.  While we have not directly  proven that 
the function demonstrated in this diminished resistance to histamine 
is cortical, from its results viewed in the light of certain previous in- 
vestigations this conclusion appears to be justified.  Kellaway and 
Cowell (6) correlated the fatal effect of small doses of histamine in 
their operated cats with the destruction of the cortex and not with 
the loss of the medulla.  Banting (1) found that adrenalin could not 
counteract the fatal effect of minute doses of histamine for adrenalec- 
tomized dogs.  And Jaffe (5) demonstrated that autoplastic cortical 
transplants increase the  diminished  resistance  of adrenalectomized 
rats to the toxic effect of killed bacteria.  Thus, in correlating these 
findings with our data it appears that the function involved is cortical 
and is not related to adrenalin deficiency. 
Physiological studies of the adrenal cortex have been handicapped 
by the fact that  there has  been no definite simple criterion of its 
function in any but the terminal phases.  This has made extremely 
difficult the important search for a substitution product to compen- 
sate for 10st cortical function.  Changes in  the blood chemistry of 
these animals, while striking in the terminal stages, are not sufficiently 
delicate or constant in the period of well being of the animal to serve as 
an index of the effect of any procedure upon the adrenal deficiency. 
While less desirable than a chemical index that could be followed in 
the same animal, the reaction of adrenalectomized rats to histamine 
offers a method of determining the substitutive effect of a procedure 
for that adrenal function which influences the non-specific resistance 
of the animal.  At the present time this test is being used in a study 
of the efficacy  of adrenal cortex extracts. 
During the course of this study interesting abnormal responses on 
the part of the peripheral vascular system in adrenal insufficiency  have 
been observed.  These will be reported in a separate paper. w.  j.  ~.  scoxx  191 
CONCLUSIONS. 
1.  The resistance of rats  to histamine  is greatly diminished  after 
adrenalectomy. 
2.  This susceptibility to histamine is proposed as a  functional test 
for deficient adrenal cortex function. 
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